The inhibition efficiency of plumbago europaea extract on the corrosion of aluminum in 1.0M NaOH was investigated using weight loss technique. The presence of plumbago europaea extract inhibited the corrosion of aluminum in the test solution. The inhibition efficiency increased with increasing plant concentration and increased with increasing temperature and reaches a maximum value of 96.8% with the highest extract concentration 20 ppm at 50˚C. The experimental data complied to langmuir, temkin and the recently formulated thermodynamic/kinetic model of adsorption isotherms. The obtained value and sign of the standard free energy of adsorption is consistent with physisorption isotherms.
weights. The volume of solution was 10 mL. At the end of each test, the specimens were carefully washed in acetone and then weighed using an analytic balance (precision: 0.0001 g). Three measurements were performed in each case, and the mean value of the weight loss has been reported.
Results and Discussion
The weight loss recorded to the nearest 0.0001 g. The weight loss of the metal in the corrosive solution is given by equation 1. The weight loss curves of the Al with the addition of the inhibitors in different volume of extract at various temperatures in 1M NaOH are shown in Figure 1 . The effect of temperature on the corrosion of Al in 1M NaOH over the temperature range of (25-50 ºC) in the absence and presence of different concentrations of the plumbago europaea extract has been studied. The weight loss is found to increase with increasing temperature [10] . Figure 2 show that inhibition efficiency of plumbago europaea extract increases with increasing temperature.
The inhibitive effect of the plumbago europaea extract could be attributed to the presence of slightly negative charges on oxygen atoms with excessive π electrones in the organic matrix of the extract. Previous studies have shown that the plumbago europaea extract contains plumbagin and isoshinanolone as major constituents [9] , these compounds contain oxygen atoms which are the centers of adsorption. Therefore, it could be assumed that the extract establish their inhibitive action via adsorption of these organic component molecules on the metal surface.
Kinetic and thermodynamic considerations
The corrosion rate, R c of Al is determined by using the relation: Table 2 , respectively).
The activation energy decreases in presence of plumbago europaea extract.
Inhibitors whose %I increases with temperature increase (Table.1 ). The value of activation energy E a is higher in the uninhibited solution compared to that in inhibitor presence, these values suggest increase efficiency at high temperature [11] , and it is probable that a multi layer protective coverage on the entire aluminum metal surface was obtained. An alternative formulation of the Arrhenius equation is the transition state equation [12] : Table 2 . Absolute values of enthalpy of activation are lower than 41.86kJmol -l indicates physical adsorption whereas values approaching 100 kJmol -1 indicate chemical adsorption [11] . In this study, the values of ∆H* are less than 41.86 kJmol -1 confirming physical adsorption.
The values of ∆S* in the presence and absence of the inhibitors are negative.
This implies that the activation complex is the rate determining step representing association rather than dissociation mechanism [12] . 
. (7)
Where R is the gas constant, θ 1 and θ 2 are the degree of surface coverage at temperatures T 1 (313K) and T 2 (323K) respectively.
The calculated Q ads values are listed in Table3. The positive values suggest increased efficiency at high temperature [13] , while the negative values suggest decreased efficiency at high temperature [14] . Figure 5 also confirms that the inhibition process is related to adsorption of the active organic compounds on the metal surface. This is because a straight line is obtained when log(C/θ)/ is plotted against log C and the linear correlation coefficient of the fitted data is very close to 1. This indicates that the adsorption of plumbago europaea. extract molecules obeys the Langmuir adsorption model [15] [16] [17] The relationship between the equilibrium constant, K, of adsorption and the free energy of adsorption, ∆G ads , is given by equation 10 [18] .
Values of free energy of adsorption calculated from equation 10 using K values obtained from the Langmuir adsorption and Temkin adsorption isotherm are presented in Table 4 ,5. The values are negative and less than -40 kJmol -1 . This implies that the adsorption of the inhibitor on aluminum surface is spontaneous and confirms physical adsorption mechanism [18] . As shown in figure 7 , the experimental data were fitted into the El-Awady's kinetic/themodynamic model [19, 20] , equation 11. Where C is the concentration (ppm) of plumbago europaea extract, θ is the degree of surface coverage, K ads is the equilibrium constant of adsorption process and K ads = K 1/y in this model, the number of active sites y is included. Curve fitting of the data to the thermodynamic-kinetic model is shown in figure 8 . This plot gives straight lines which clearly shows that the data fitted well to the isotherm. [19, 20] . It is also seen from the table that the K ads increase with increase in temperature indicating that adsorption of inhibitor molecules on the aluminum surface was favorable at higher temperatures.
Surface topology
Scanning electron microscope was used to investigate the topologic changes of aluminum surface in presence of plant extract in 1.0 M NaOH. The aluminum surface severely infected by the presence of corrosive NaOH solution is shown in Fig. 8A 
Conclusions
The plumbago europaea extract was successfully applied as corrosion inhibitor on the surface of aluminum metal in alkaline solution, the inhibition efficiency increased with increase in concentration of the plumbago europaea extract to attain a value of 96.8% at the highest inhibitor concentration 20 ppm at50 ºC, and the inhibition efficiency increased with rise in temperature. The value of activation energy E a found is less than that in the uninhibited solution compared to that in inhibitor presence, and the adsorption of the inhibitor molecules was consistent with physical adsorption mechanism.
